ABSTRACT
INTRODUCTION
Lawrence Estuary, the mouth of the Saguenay Fjord, and the marine region (SP ≈ 25 and greater) 143 beginning at Tadoussac (Fig. 1) . Typical semi-diurnal (M2) tidal current amplitudes in the LSLE 144 are on the order of 0.2 m s -1 (Saucier and Chassé 2000) , so that tidal excursions are on the order 145 of 3 km.
146
The Saguenay Fjord
147
The Saguenay Fjord is a 93 km long, 1-6 km wide and 275 m deep U-shaped submerged valley, bounded by sheer, vertical walls that reach up more than 300 m above the water line. thickness of the surface layer, perhaps best defined by the depth of the 18.00 sigma-tee isopycnal,
163
typically increases towards the mouth of the fjord, but pinches off towards the surface at high tide 8 or when denser waters overspill the entrance sill. The surface water temperatures range from 165 freezing in winter to 16 º C in summer (Fortin and Pelletier 1995) . Detailed hydrographic 166 characteristics of the fjord can be found in Schafer et al. (1990) and Gratton et al. (1994) . station is located at the northern edge of this cold tongue.
171

Methods
172
Water column sampling
173
On June 10-15, 2013, we sampled the whole water column at six stations and surface waters
174
(3 -5 m below the surface) at four stations along a saw-tooth transect at the head of the Lower St.
175
Lawrence Estuary (LSLE), the mouth of the Upper St. Lawrence Estuary (USLE) and the mouth 176 of the Saguenay Fjord ( Figure 1 ). In addition, we sampled the whole water column every four 177 hours and surface waters (~3 m) every two hours over 50 hours at a fixed station (48°11.2'N,
178
69°34.4'W) a few kilometers east of the fjord's mouth in the northern half of the head of the LSLE 179 in order to characterize changes in the properties of these surfaces waters over two tidal cycles.
180
Finally, the whole water column at four stations (Stations 23, 22, 20, 18) in the LSLE and western
181
Gulf of St. Lawrence was sampled on an earlier cruise (June 3-8, 2013 ) and these results served to 182 better define the properties of the source-water types encountered at the fixed station (see Water   183 mass analysis section below). Water samples were collected using a 12-Niskin bottle/CTD was also used as a non-conservative tracer, because it is a function of temperature (e.g. O2
295
solubility increases with decreasing temperature and salinity) and, like ΣSi and SRP, also a 296 function of primary production and biological respiration. Consequently, end-member matrix and sample observations were multiplied by a diagonal weight matrix to account for differences in 298 tracer reliability, environmental variability, and precision of the data ( 
Results and discussion
303
Variations of the water properties over two tidal cycles production and pH decrease) and ventilation over the whole sampling period (Table 3) .
396
Unfortunately, in the absence of independent estimates of the absolute photosynthetic and/or 397 respiration rates, we can only determine which of these two processes dominates. It is also as function of the time of the day, no systematic variation with daylight is apparent (Fig. 7) Atmospheric CO2 uptake lowers the pH, the carbonate ion concentration and saturation
448
state of natural waters with respect to calcite and aragonite (ΩC and ΩA, respectively).
449
Consequently, the ability of many organisms to calcify is reduced by a decrease in the saturation 450 state of the waters and sediments they inhabit (Gazeau et al. 2013; Clements and Hunt 2017) .
451
Aragonite being 50% more soluble than calcite (Mucci, 1981) , organisms whose shells or skeletons 452 are partially or wholly aragonitic will be more susceptible to acidification. Scallops (e.g., Chlamys islandica), soft-shell clams (e.g., Mya arenaria), the common whelk (e.g.,
466
Buccinum undatum) and the green sea urchin (e.g., Stronylocentrotus droebachiensis) are found (TA-DIC) of the mixture at our study site (head of the Laurentian Channel) was always positive.
511
The presence of the CIL also appears to impede the upwelling of the hypoxic, CO2-rich and Table 2 for details).
Errors originate mostly from the variance on the fractional contributions obtained from the OMP analysis and, in this specific situation on the fractional contribution of the Saguenay River water (most divergent TA and pH). Although typically on the order of 10% (Lansard et al. 2012 ), we applied a +50% error to this value and the difference in computed pHT was less than 0.003 unit, below the uncertainty of our field measurements and smaller than the size of the symbols. (Pierrot et al., 2006) for the marine waters and the web-based version of PHREEQC (www.ndsu.edu/webphreeq/) for the freshwaters. 2 Values were not measured at the time of sampling, they are averages of measurements carried out in the previous 5 years at similar times of the year. 3 pH of freshwaters were not measured at the time of sampling, values that appear in the table are averages of measurements carried out in the previous 5 years at similar times of the year on the NBS scale (infinite dilution convention). For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. Table 3 . Reconstructed surface water properties at the fixed station (SF) (conservative mixing of source-water types according to the OMP results) over two full tidal cycles (June 13-15, 2013) and differences between the calculated and observed values. Table 2 for details). Errors originate mostly from the variance on the fractional contributions obtained from the OMP analysis and, in this specific situation on the fractional contribution of the Saguenay River water (most divergent TA and pH). Although typically on the order of 10% (Lansard et al. 2012 ), we applied a +50% error to this value and the difference in computed pHT was less than 0.003 unit, below the uncertainty of our field measurements and smaller than the size of the symbols. . All panels were plotted from discrete samples (~ 3, 10, 20, 40, 60, 80, 100 and 150 m) taken from the Niskin bottles.
